Introduction
Anaerobic digestion (AD) is the most prominent bioenergy technology and has been widely used for the treatment of various organic wastes such as municipal sludge, cellulose waste, and high-strength industrial wastewater [1] . AD is a highly complex biochemical process that depends on the well-balanced cooperation of four groups of microbes, including hydrolyzing bacteria, fermenting bacteria, specialized acetogenic syntrophs, and methanogenic archaea [2, 3] . Owing to the successful separation of acidogenesis and methanogenesis, the two-stage anaerobic reactors can achieve better overall performance than the single-stage reactor and have a greater capacity to withstand environmental disturbance [4, 5] . Thus, the two-stage anaerobic reactor has grown to be a promising process for organic waste treatment since its emergence [6] .
To better understand the metabolic mechanisms involved in the AD process, characterization of the anaerobic microbes is of great importance. On account of the complex function related to hydrolysis, fermentation, and acetogenesis and at least two orders higher abundance in comparison with archaea, there is an urgent need to pay attention to the bacterial population in anaerobic reactors [7, 8] . With the development of molecular techniques [5, 9, 10] , especially the appearance of next-generation sequencing technology [11] , more and more efforts have been made to get insight into the bacterial community in anaerobic reactors to better understand the metabolic interaction involved in the AD process. Different bacterial profiles have been revealed in different anaerobic reactors [12] [13] [14] [15] . Nevertheless, these indepth studies mainly focused on the single-stage anaerobic configuration, and not a great deal of information is available about the bacteria in the two-stage anaerobic reactors. Schievano et al. [5] detected a less diverse population of fermentative bacteria in the second-stage (SS) reactor than that in the first-stage (FS) reactor using PCR-DGGE. Kongjan et al. [6] demonstrated that the FS reactor was dominated with the hydrogen-producing bacteria Thermoanaerobacter wiegelii, Caldanaerobacter subteraneus, and Caloramator fervidus, whereas Methanosarcina mazei and Methanothermobacter were dominant in the SS reactor in a two-stage upflow anaerobic sludge blanket (UASB) reactor. However, these studies were based on lab-scale reactors. There is still a lack of knowledge about the microbial community in the full-scale two-stage anaerobic reactors.
Because of the high diversity of the anaerobic bacterial community, functional characterization of each bacterium is laborious. Close attention should be prioritized to the frequently abundant bacteria that were defined as core bacteria and putatively played key roles in the degradation of organic pollutants [16] . Riviere et al. [17] defined a core bacterial community of six OTUs accounting for 23% of the total sequences in anaerobic digesters. Similarly, Lee et al. [18] defined OTUs representing more than 3% of the sequences in each digester as the core bacterial community. Although these studies greatly improved our understanding about the core bacteria participating in the degradation of pollutants, the core bacterial community in two-stage anaerobic reactors remains unclear. Moreover, the bacterial community in anaerobic reactors could be influenced by environmental factors (e.g., pH, temperature) [19] and then the change in microbial community structure would subsequently influence the performance of anaerobic reactors [2] . Thus, knowledge on the temporal variation and the response to environmental perturbations of the core bacterial community will be vital to the improvement and optimization of the microbial management of twostage anaerobic reactors. This paper mainly focused on the determination and variability of the core bacterial community in two-stage anaerobic reactors by monitoring a full-scale mesophilic two-stage upflow blanket filter (UBF) reactors treating 100% high-strength pharmaceutical wastewater over 9 months. Anaerobic sludge samples were temporally collected from both reactor stages and sequenced to characterize the microbial composition and variability in correlation to digester performance.
Materials and Methods

Two-Stage UBF Reactor Performance and Sampling
The monitored mesophilic two-stage UBF reactors have been operating in continuous flow since June 2013, consisting of 10 same UBF reactors (size: Φ8 m × 20 m), among which four are operated in parallel as the FS reactors and the other six as the SS reactors. There is a regulating reservoir that has a volume of 1,200 m 3 to connect the FS and SS reactors. These reactors were all originally inoculated with excess sludge from a full-scale wastewater treatment plant treating chemical industrial-park wastewater. The pH of the FS and SS reactors was maintained at 7.5 ± 0.2 and 7.8 ± 0.2, respectively, so that the UBF reactors were not operated for separating the acidogenesis and methanogenesis processes. After being pretreated by inclined plate sedimentation and dissolved air flotation, the influent was cleaned out of suspended solids. The system treats 2,400 m Before collecting the samples, we discharged the initial 20 L wastewater with anaerobic sludge to make sure that the residue in the sampling pipeline was washed out. Then, the samples were kept in an ice box and transported to the laboratory to centrifuge at 4,000 ×g for 5 min within the next 12 h. The pellet of each sample was collected to be fixed with 50% alcohol (v/v) separately and stored at -80 o C until DNA extraction.
DNA Extraction, PCR, and Illumina MiSeq Sequencing
After thawing at room temperature, total DNA of each sample was extracted from the pellet using the FastDNA Soil Kit (MP Biomedicals, USA) according to the standard protocol. The concentration and purity were determined by microspectrophotometry (NanoDrop ND-1000; NanoDrop Technologies, USA). Then, the extracted total DNA was stored at -20 o C before PCR amplification.
Twenty-four different pairs of bacterial primers 8F (5'-AGA GTTTGATYMTGGCTCAG-3') and 338R (5'-TGCTGCCTCCCG TAGGAGT-3') complemented with different 10-nt barcode sequences were designed to characterize the bacterial community. The barcode sequences were at least 2 nt from each other so that every 24 samples with different primer sets could be pooled into one final sample as a single library for sequencing. Each PCR mixture included 5 μl of 10× buffer, 40 ng of DNA, 4 μl of 2.5 mM dNTP mixture, 4 μl of 25 mM MgCl 
Bioinformatics, Statistical Analysis, and Data Availability
The overall bioinformatics analysis was carried out using the Mothur software package (ver. 1.35.1) following the MiSeq SOP on the Mothur website (http://www.mothur.org/wiki/MiSeq_SOP) [21] . Detailed filtering steps are shown in the Methods of the Supplementary Information.
For analysis of bacterial OTUs, those representing no more than four sequences in total were excluded and we obtained 3,937 OTUs for downstream analysis. The similarities of bacterial community patterns were determined by cluster analysis, which was conducted based on Bray-Curtis distances using PAST3 [22] . All the 38 samples were divided into four groups based on the cluster analysis result. The visualization of microbial communities in different groups was conducted using Circos [23] . Principal coordinates analysis (PCoA) was conducted based on all the bacterial OTUs and the 98 core bacterial OTUs, respectively. STAMP was applied to identify the families that were differently abundant in different groups [24] . The orders co-occurrence patterns were tested with the checkerboard score (C-score) under no interactions between different phylogenetic taxa, in which a Cscore unit is a 2 × 2 matrix where both orders (orders in the core bacterial community) occur once but on different sites [25] . A cooccurrence event was confirmed to be valid if the Spearman's coefficient (ρ) was both >0.6 and statistically significant (p-value < 0.01) [26] . Network visualization was conducted using the interactive platform Gephi (WebAtlas, France) with Fruchterman Reingold placement algorithm [27] .
Sequence data used in this study have been submitted to the Sequence Read Archive with the accession number PRJNA331231.
Results and Discussion
Reactor Performance
As pharmaceutical factories are mainly engaged in producing antibiotic pills by culturing functional bacteria, the original wastewater contains mainly culture medium and rare cellulose. Owing to the changing production plan according to the market, the COD of the wastewater influent varied in a wide range from 4,080 to 14,027 mg/l (Fig. 1A) . To ensure stable performance of the digesters, the COD concentration of influent wastewater was maintained below 10,000 mg/l after late December 2014. The COD removal of both FS and SS reactors remained relatively steady at around 50% and 60%, respectively ( Fig. 1) , so the overall COD removal was approximately 80%. Chen et al. [28] reported that the average removal was 63.3% in a fullscale UASB reactor treating chemical synthesis-based pharmaceutical wastewater containing 6-aminopenicillanic acid and amoxicillin. The relatively lower COD removal might be attributed to chemicals in the synthesis-based wastewater having greater toxic effects on the anaerobic microbes. In addition, the alkalinity was about 3 g CaCO (Fig. 1B) . After changing the temperature of the influent to around 31 o C in about 5 days, the performance of the SS reactors gradually recovered from the temperature shock. The second perturbation happened at late March 2015 due to the breakdown of air flotation pretreatment. As a result, many undissolved contaminants flowed into the FS reactors along with the influent. The non-bioavailable part of the undissolved pollutants (e.g., sands) with high settling velocity started to accumulate quickly at the bottom of the FS reactors and served as inert carriers for biomass, partly similar to an anaerobic filter reactor [29] . Thus, anaerobic sludge began to grow and the suspended solids at 0 m of the FS reactors increased rapidly to 120 g/l within 2 weeks. However, the performance of the FS and SS reactors seemed not to be disturbed (Fig. 1) .
Determination of Core Bacterial Community
The bacterial community composition of the entire anaerobic sludge was identified using barcoded amplicons generating at least 20,546 clean sequences per sample, so all the bacterial datasets were normalized to 20,546 sequences for subsequent analysis. The sequences of all bacterial amplicons were clustered into OTUs at 6% cutoff together. The proportion of the sequences in each OTU was regarded as the practical numerical abundance of that organism for simplicity, even though the observed read abundance were probably distorted by different DNA extraction efficiencies and differing 16S rRNA gene copy numbers of each organism and various barcoded primers [16] . After discarding OTUs representing fewer than four sequences in total, the number of OTUs decreased from 19,037 to 3,937 to greatly speed up downstream OTU analysis. The proportion of remaining sequences within each amplicon varied between 92.82% and 98.83% (data not shown).
To determine the core bacterial community in the anaerobic reactors, we counted the frequency and read abundance of all the bacterial OTUs. A few frequently observed OTUs took up most of the reads (Fig. S1 ). The 73 OTUs common to all 38 samples occupied 53.92% of the total sequences, and OTUs observed in more than 30 samples accounted for 77.97% of the total sequences. However, the 2,325 OTUs observed in 10 and fewer samples only made up 3.75% of the total sequences.
Due to the fact that shared OTUs across all samples would be affected by the sequencing depth, simply analyzing the frequently observed OTUs would be less informative for determination of the core community. For example, among the 72 OTUs common to all samples, the top 10 least OTUs only accounted for 0.61% of the total sequences when ranked by decreasing abundance. These low abundance but commonly shared OTUs only represented a few sequences in most samples and were sensitive to sequencing depth. In addition, a few abundant OTUs represented the majority of all reads in each sample. To avoid deviation of the core community, we focused on the abundant OTUs that were defined as the top OTUs making up 80% of the reads in a sample when ranked by decreasing abundance [16] . The proportion of the sequences belonging to all the 532 abundant bacterial OTUs out of 3,937 OTUs reached up to 88.98% of total sequences. On account of the bacterial community structure in the FS and SS reactors being functionally different, the abundant bacterial OTUs were divided into four groups based on the frequency with which they were abundant in FS and SS samples. Group 1 contained 12 OTUs, which were abundant in more than 17 FS samples (80% of all FS samples) and more than 14 SS samples (80% of all SS samples) at the same time. These 12 OTUs made up 26.12% of the total reads. Group 2 consisted of 13 OTUs, which were abundant in more than 18 FS samples but fewer than 14 SS samples and accounted for 8.69% of the total reads. Group 3 OTUs were abundant in more than 14 SS samples but fewer than 18 FS samples and made up 26.85% of the total reads. The rest of the 434 abundant bacterial OTUs in group 4 were generally in much lower abundance than the other three groups and made up 27.33% of the total reads.
All 98 abundant bacterial OTUs in groups 1, 2, and 3 only made up 2.55% of all the original OTUs (3,937 OTUs), but accounted for 61.66% of the total reads, implying that these few kinds of organisms in the microbial community were of significant importance to pollutant degradation. These 98 OTUs constituted the core bacterial community in this two-stage UBF reactor. The core bacterial community contained 27 identified orders and 18 unclassified OTUs at the Order level.
Generally Distinct Core Bacterial Community between FS and SS Reactors
In order to determine the temporal variation of the bacterial community, PCoA was conducted based on all the bacterial OTUs. PCo1 and PCo2 made up 63.3% of the variation in the bacterial community structures (Fig. 2A) . All 38 samples were grouped into four clusters based on cluster analysis at the division criteria that the similarity between any two samples from two different clusters was lower than 0.3 and similarity between any two sample from the same cluster was larger than 0.3 (Fig. S2) . Then, the four clusters were indicated by four dotted ellipses in the PCoA scatter plot (Fig. 2) . All the SS amplicons, excluding the three SS samples collected at 5/4/2015, 29/5/2015, and 23/7/2015, fell into the same tight cluster (referred to as cluster I) located at the left of the scatter plot, indicating a highly consistent community structure in the SS reactors over the half-year period. Most FS samples were found in two other distinguished clusters, among which cluster II included FS samples obtained before 21/10/2014 and cluster III contained all the other FS samples except two samples collected from the bottom of FS reactors at 29/5/ 2015 and 23/7/2015. The last cluster (referred to as cluster IV) consisted of the remaining two FS samples and three SS samples. Moreover, the PCoA scatter plot according to all 98 core bacterial OTUs gave the same four clusters on the bacterial community composition of all the samples (Fig. 2B) . Moreover, 70.4% of the variation in the core bacterial community of all the samples was explained by PCo1 and PCo2, which was quite close to 63.3% of the variation in the whole bacterial community. This similarity in the patterns of the scatter plots for all bacterial OTUs and all core bacterial OTUs indicated that the core bacterial OTUs could accurately predict the sample location on the scatter plot and represented all the bacterial OTUs well.
According to the cluster result of PCoA on the core bacterial OTUs, all 38 samples were divided into four groups, referred to as SS-original, FS-original, FS-middle, and FS&SS-final corresponding to clusters I, II, III, and IV. Bacteroidetes, Firmicutes, Proteobacteria, Chloroflexi, Synergistetes, and Spirochaetae were found to be prevalent in the core bacterial community in all the groups (Fig. 3) , but the proportion of these phyla varied across the four groups (Table S1 ). Riviere et al. [17] investigated seven fullscale anaerobic digesters in France, Germany, and Chile and found bacteria within Proteobacteria, Bacteroidetes, Firmicutes, Chloroflexi, Synergistetes, and Spirochaetae to be the prevalent phenotypes in AD, which was in agreement with the results of the present study.
Setting aside the two FS samples and three SS samples in group FS&SS-final, the core bacterial community in the FS and SS reactors was generally distinct from each other (Fig. 2B) . The most apparent difference between the core bacterial community in the FS and SS reactors was the different abundance of Bacteroidetes, Proteobacteria, and Chloroflexi (Table S1 ). The proportion of Bacteroidetes within the core bacterial community in the FS reactor (FSoriginal: average ± deviation = 32.89 ± 1.85%; FS-middle: 27.25 ± 5.89%) was significantly higher than that in the SS reactor (SS-original: 10.02 ± 2.61%) ( Table S1 ). The major members responsible for this difference in Bacteroidetes were Bacteroides, Macellibacteroides, Parabacteroides, and vadinBC27_wastewater-sludge_group (Fig. 3) . Bacteroides was affiliated to family Bacteroidaceae, which possessed the capacity to degrade cellulose [30] . Both Macellibacteroides and Parabacteroides are members of family Porphyromonadaceae. Maspolim et al. [4] reported that Porphyromonadaceae was 1.6-2.4 times higher in relative abundance in the acidogenic reactor in comparison with the methanogenic reactor, implying that Porphyromonadaceae was related to higher fermentation steps in the AD process. The Proteobacteria in the SS reactor appeared to be more abundant than that in the FS reactor (Table S1 ). The Proteobacteria in the core bacterial community of the FS reactor primarily consisted of genus Desulfovibrio, whereas the proportion of many other syntrophic consortia, such as Smithella, Syntrophorhabdus, and Syntrophus, was higher in the SS reactor, implying more syntrophic metabolic pathways in the SS reactor. Chloroflexi was rare in the FS reactor but abundant in the SS reactor (Table S1 ). Of the sequences within Chloroflexi in the core bacterial community, 96.04% were classified to family Anaerolineaceae, which can ultilize short-chain fatty acids as electron donors [31] . Concerning the Synergistetes, this phylum contains only one family, Synergistaceae. Members of this family were more abundant in the SS reactor (Table S1 ). Microbes affiliated to Synergistetes were proved to have the capability to ferment amino acids to volatile fatty acid [32] . Generally speaking, the core bacterial community in the FS reactor was correlated to a higher fermentation process. Nevertheless, the core bacterial community in the SS reactor contained many more microorganisms capable of syntrophic metabolic function, in cooperation with the methanogenic archaea [33] .
Core Bacterial Community in the FS and SS Reactors Responded Differently to the Two Perturbations
The first perturbation of temperature shock occurred at the middle of December 2014, and the second perturbation at late March 2015 assigned all the FS samples into the three different groups FS-orginal, FS-middle, and FS&SS-final. However, the SS samples were only divided into two groups named SS-original and FS&SS-final by the second perturbation. The core bacterial community in the FS reactor shifted in response to the increase of temperature, whereas the core bacterial community in the SS reactor remained stable through the first perturbation of temperature shock. On the contrary, the performance of the FS reactor remained undisturbed, but the COD removal of the SS reactor was drastically decreased to 29.2% (Fig. 1B) . It seemed that the microorganisms in the FS reactor could survive the temperature shock without affecting the COD removal efficiency through changing the microbial community composition. The most variable family between the FS-original and FS-middle groups was the unclassified Selenomonadales (Fig. 4A) . The proportion of the unclassified Selenomonadales increased from 0.11% to 10.22% after the temperature shock. It was reported that Selenomonadales was dominant at a lab-scale UASB reactor treating trichloroethylene wastewater [34] . Nevertheless, the metabolic function of Selenomonadales in the anaerobic system needs further investigation. Temperature was reported to be the major variable influencing the anaerobic microbial community structure [7, 18] . Werner et al. [14] found that the process temperature was a statistically important factor affecting the temporal shift of anaerobic bacterial community, which was in agreement with the present study. However, the core bacterial community in the SS reactor remained stable instead of shifting. The remarkable decrease and subsequent recovery of COD removal in the SS reactor was probably due to the significant inhibition, rather than functional failure, of microbial activity of the bacterial community in the SS reactor. The different response of the core bacterial community in the FS and SS reactors to the temperature shock was highly likely to be derived from their different community characteristics. The core bacterial community in the FS reactor was dominated by Bacteroidetes (Table S1 ), widely known as higher-level fermenter populations in the AD process. The microorganisms affiliated with this phylum primarily depend on undergoing competition of different origanisms that are capable of similar function to maintain functional stability [14] . On the other hand, there seemed to be many resistant populations in the SS reactor that could withstand disturbance without changes in community composition. As a result, the bacterial community in the SS reactors turned out to be undisturbed through the short temperature shock. Nowadays, the resistant populations in AD systems are still poorly understood and more work needs to be done to get deeper insight into the resistant microbiome by molecular biology methods [35] .
The performance of both the FS and SS reactors survived through the second perturbation caused by the failure of air flotation pretreatment at late March 2015, but the bacterial community in both reactors shifted in response (Fig. 2B) . After this disturbance, anaerobic sludge started to accumulate quickly at the bottom of the FS reactor, along with more and more undissolved suspended solids settling down. Interestingly, the five samples collected from the bottom of both the FS and SS reactors after the second perturbation were clustered together, demonstrating that the core bacterial community at the bottom of the FS and SS reactors shared the same variation trend to become similar to each other (Fig. 2B) . However, the bacterial community at 5 and 10 m in the FS reactor remained stable as before.
The most remarkable change in the composition of the core community at the bottom of the FS reactor was the dramatic reduction in the proportion of Bacteroidaceae and unclassified Selenomonadales (Fig. 4B ). Members in Bacteroidaceae are able to decompose carbohydrates, peptone, or metabolic intermediates, producing detectable organic acids [36] . There was a significant increase in the percentage of Anaerolineaceae and Thermotogaceae in the core bacterial community at the bottom of the FS reactor, whereas the proportion of these two families in the SS core bacterial community was nearly halved after the second perturbation (Figs. 4B and 4C) . Members affliated to Thermotogaceae are strict anaerobes that are capable of fermenting many kinds of substrates into hydrogen and organic acids [37] . Anaerolineaceae was demonstrated to be the main consumers of short-chain fatty acids, indicating syntrophic cooperation with methanogenic archaea [31, 38] . The change of core bacterial community at the bottom of the FS reactor suggested more Anaerolineaceae and Thermotogaceae members along with the accumulation of anaerobic sludge, implying that a longer sludge retention time promoted the growth of Anaerolineaceae and Thermotogaceae. The core bacterial community at 5 and 10 m remained stable probably due to the fact that the anaerobic sludge only accumulated at the bottom of the FS reactor and made no difference to the bacterial community at 5 and 10 m. Another notable change in the SS core bacterial community was that the proportion of family Porphyromonadaceae increased from 3.99% to 10.92% after the second perturbation (Fig. 4C) . Porphyromonadaceae was reported to possess the capacity to degrade xylose, glucose, peptone, rhamnose, raffinose, saccharose, mannose, lactose, maltose, and cellobiose [36] . In general, the most variable families in the core bacterial community in the FS and SS reactors were Bacteroidaceae, unclassified Selenomonadales, Anaerolineaceae, Thermotogaceae, and Porphyromonadaceae.
It seemed that the two-stage AD system was running as a single-stage UBF reactor. Maspolim et al. [4] reported a few unique hydrolytic and acidogenic bacterial populations, including Porphyromonadaceae, Prevotellaceae, Ruminococcaceae, and unclassified Bacteroidetes in the FS reactor in comparison with the SS reactor. Nevertheless, Lee et al. [18] demonstrated that there was no apparent difference in bacterial community composition between the one-stage and two-stage digesters. The opposite findings were possibly due to their different operation conditions, as Maspolim et al. kept the FS and SS reactor at acidogenic and methanogenic conditions, respectively, whereas the investigated two-stage anaerobic reactors were not run for separating acid production and methane production in the study reported by Lee et al. Perhaps because the anaerobic system was not operated for separating the acidogenesis and methanogenesis processes in the present study, the operating parameter of the FS and SS reactors were generally the same except for the influent components and HRT. Once biomass succeeded to retain in the FS reactor by granulation, the generally consistent operating conditions tended to shape the same bacterial community structure in the FS and SS reactors regardless of the different influent and HRT.
Network Analysis
Correlation networks of co-occurring microbes enables the visualization of much valuable information [39] and have been successfully employed to explore the relationship patterns in soil microbial communities and marine microorganisms [26] . To discern the key bacterial taxa, the co-occurrence analysis was conducted based on the community pattern of the 98 core bacterial OTUs at the Order level. As a result, 319 robust positive correlations and 68 robust negative correlations were observed between 33 bacterial orders. The other four orders of low abundance showed no significant correlation with other orders. Bacteroidales was the most abundant order with only one positive correlation with Desulfovibrionales, and Selenomonadales had only two positive correlations with Spirochaetales and unclassified_Spirochaetes (Fig. 5A ). There was a clear separation between the poorly connected nodes in green and the highly connected nodes in blue. Bacteroidales and Selenomonadales could probably accomplish the decomposition of organic matter by themselves, demanding little need for cooperation with other microbes. As for the two most abundant and variable orders in the FS core bacterial community (Table S2 ), these two orders were deduced to play an important role in the fermentation step in the AD process, indicating that the fermentation process was highly functionally independent. On the other hand, Bacteroidales had significantly strong negative correlation (23 negative connections) with other orders (Fig. 5B) , implying potential competitive relationships with other bacteria. Unlike Bacteroidales, Selenomonadales, which is affliated to phylum Firmicutes, showed moderate negative correlation (9 negative connections) with other orders (Fig. 5B) , suggesting that members assigned to this order were not easy to be affected by other microorganisms. Most orders were highly positively and poorly negatively connected to each other. These orders were found to be more abundant in the SS reactors (Table S2) and their highdegree association with each other indicated their tight functional cooperation. Among them, Anaerolineales, Syneristales, and Thermotogales were the three most abundant orders. Syneristales and Thermotogales were previously proved to be able to produce hydrogen and short-chain fatty acids, and Anaerolineales was reported to be the main consumers of volatile fatty acid [38] . It seemed that the production and consumption of short-chain fatty acids are required for the syntrophic cooperation of various microbes. On account of the abundance of microorganisms being closely related to their function attributes in anaerobic digesters [40] , Bacteroidales, Selenomonadales, Anaerolineales, Syneristales, and Thermotogales could be the potential core orders to play a key role in the AD process.
In conclusion, sequences within Bacteroidetes, Firmicutes, Proteobacteria, Chloroflexi, Synergistetes, and Spirochaetae were found to be most abundant in the present two-stage UBF system. Out of 3,937 OTUs, 98 OTUs accounted for 61.84% of the total reads, constituting the core bacterial community and well representing the whole bacterial community. The FS core bacterial community was associated with higher fermentation steps in the AD process and the SS core bacterial community contained many more microbes capable of syntrophic cooperation with methanogens. The core bacterial community in the FS reactor was easy to be disturbed by high temperature shock, whereas SS core community remained stable. Both of the bacterial community structures in the FS and SS reactors shifted to be similar to each other after the second perturbation, probably due to the continuous operation for no separation of acidogenic and methanogenic processes. The major variable families in the FS and SS reactors through both perturbations were Bacteroidaceae, unclassified Selenomonadales, Anaerolineaceae, Thermotogaceae, and Porphyromonadaceae. Most importantly, co-occurrence analysis of the core bacterial community at the Order level suggested that Bacteroidales, Selenomonadales, Anaerolineales, Syneristales, and Thermotogales could probably play the key roles in AD and had the potential to be the monitoring microorganisms. With more detailed operation parameters combined with continuous monitoring of the microbial population, the adaption and response of the microbial community to environmental fluctuation could be more comprehensively understood.
